ABSTRACT An engorged female Amblyomma helvolum Koch tick was removed from an adult Varanus salvator Laurenti lizard during Þeld collection in Thailand. After using polymerase chain reaction to amplify three genes (16S rDNA, gltA, and OmpA), we discovered the presence of a Rickettsia sp. of the Spotted Fever Group. Phylogenetic analysis revealed that this Rickettsia sp. is closely related to Rickettsia raoultii Mediannikov. Therefore, we report herein for the Þrst time the detection of a novel Spotted Fever Group Rickettsia in an Amblyomma helvolum from a Varanus salvator in Thailand.
The water monitor lizard, Varanus salvator Laurenti, is a predatory species that inhabits freshwater wetlands and urban waterways throughout Thailand. Few studies have been conducted on their microbial ecology, their competency as hosts/reservoirs for arthropod-borne pathogens, or the ectoparasites that they harbor (Cota et al. 2009 ). Varanus spp. have been reported to be competent hosts of bacteria of the genus Rickettsia and of protozoa of the genus Hepatozoon in Australia and the genus Anaplasma in Europe (Vilcins et al. 2009 .
Thailand is an important location for tick-borne pathogens and endosymbionts, including known and novel rickettsiae (Kollars et al. 2001; Hirunkanokpun et al. 2003; Parola et al. 2003; Ahantarig et al. 2008 Ahantarig et al. , 2011 . In addition, there is clinical evidence from human sera of the existence of a novel Rickettsia (Sirisanthana et al. 1994) . However, neither clinical nor serological evidence is sufÞcient to identify novel organisms. In Thailand and Southeast Asia as a whole, there is still much to learn about natural host-tickpathogen and symbiont systems.
In this study, an adult V. salvator was encountered during Þeld collection in the Pichit province (Muang district) of Thailand in June 2009 (global positioning system coordinates of 16Њ 25Ј58.95Љ N, 100 18Ј07.74Љ E).
A single tick was removed from this lizard. The attachment site of the tick was not noted by the person who collected the tick. The tick was immediately preserved in 70% isopropyl alcohol, and the host was immediately released. In the lab, the tick was submitted to sex, stage, and morphological identiÞcation using standard taxonomic keys (Kohls 1957 ) and molecular identiÞcation with 16Sϩ1 and 16SϪ1 primers (Sparagano et al. 1999) to detect tick 16S mitochondrial DNA. The tick was washed and cut in half along the dorsal plane. One-half was stored at Ϫ20ЊC. The remaining half was manually homogenized in 200 l of 1X PBS solution. Subsequent DNA extraction was performed using the QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany) according to the manufacturerÕs recommendations. The sample was assayed with four sets of oligonucleotide primers: 12Sai/12Sbi, which ampliÞes 380 bp of the tick mitochondrial 12S rDNA and was used as to monitor the quality of the DNA extraction; Rr190.70/602n, which ampliÞes a 532 bp fragment of the 190 kDa antigen (OmpA) gene speciÞc to the Spotted Fever Group (SFG) rickettsiae (Roux and Raoult 1995) ; RpCs.877/1258, which ampliÞes a 381 bp fragment the citrate synthase (gltA) gene speciÞc to the Typhus Group (TG) and the SFG rickettsiae (Roux et al. 1997) ; and fD1-rP2, which ampliÞes Ϸ1,100 to 1,500 bp of the 16S rDNA sequence of most eubacteria (Weisburg et al. 1991) .
All polymerase chain reactions (PCRs) included 2 l of extracted template DNA in an 18 l reaction containing double-distilled water (ddH 2 0); 25 mM MgCl 2 ; 10 mM each of dATP, dCTP, dGTP, and dTTP; 20 pmol of each primer; and 3 U of Taq polymerase (Roche, Basel, Switzerland). DNA ampliÞcation was performed according to the previously described pro- To generate a phylogenetic tree, the concatenated sequences (16S rDNA, OmpA, and gltA) were aligned with reference Rickettsia spp. sequences using ClustalW. Orientia tsutsugamushi Ikeda, the causative agent of scrub typhus, was selected as an outgroup. The neighbor-joining (NJ), maximum parsimony (MP), and maximum likelihood (ML) methods were used in PAUP 4.0b10 (Swofford 2002) as heuristic searches with 100 random addition replicates and tree bisection-reconnection (TBR) branch swapping to obtain the MP and ML trees. RAxML bootstrap values (BSML) were also calculated in RAxML version 7.0.3 with a GTR matrix (GTR ϩ r model) (Stamatakis 2006) . The clade stability of the branching topologies in each analysis was evaluated using bootstrap analysis based on 10,000 replicates with 100 random addition replicates.
DNA sequencing results of tick 16S mitochondrial DNA matched to the Amblyomma genus. In addition, with morphological identiÞcation, the tick was determined to be an engorged adult female Amblyomma helvolum Koch. According to the morphology described by Kohls (1957) , A. helvolum is characterized by palpi that are much longer than the basis capitulum; an ornate scutum; small or indistinct eyes; no lateral groove; a hypostome with three-thirds dentition; coxa I with two short spurs, with the external spur being much longer; and coxae II-IV each with a single short triangular spur.
PCRs using the 12Sai-12Sbi and fD1-rP2 primers were positive, indicating that the extracted DNA was of good quality and conÞrming the positive results for eubacterial 16S rDNA and Rickettsia sp. (from the sequencing results). The sample tested positive using two primer sets, RpCs.877/1258 and Rr190.70/620n, indicating a high likelihood of the presence of TGϩSFG rickettsiae and SFG rickettsiae, respectively. The DNA sequences of three genes (16S rDNA, OmpA, and gltA) were compared with those in the NCBI database (http://blast.ncbi.nlm.nih.gov/ Blast.cgi) via nBLAST queries using the sequencing results.
The three genes of the Rickettsia sp. from the A. helvolum specimen from V. Salvator (AHVS1) (16S rDNA, OmpA, and gltA with accession numbers ϭ JQ339355 [1,470 bp], JQ339354 [488 bp], and JQ339353 [341 bp], respectively) were highly similar to the 16S rDNA, OmpA, and gltA genes of various Rickettsia spp. listed in GenBank. The results revealed that sequence of the gltA gene of the new Rickettsia sp. is 100% identical (341/341 bp) to the gltA genes of most Rickettsia spp. In contrast, the OmpA sequence Figure 1 illustrates the phylogenetic relationships generated by RAxML based on the concatenated sequences of the three genes (16S rDNA, OmpA, and gltA). The list of selected Rickettsia spp. and O. tsutsugamushi used in the phylogenetic construction is shown in Table 1 . A low level of divergence in the 16S rDNA sequence among Rickettsia spp. in the SFG rickettsiae is commonly found, resulting in unclear phylogenetic relationships (Stenos et al. 1998 ). Therefore, alternate genes, that is, rrs, gltA, OmpA, OmpB, and Gene D, are commonly used to characterize Rickettsia spp. (Gaywee et al. 2007 , Matsumoto et al. 2007 , Stenos et al. 1998 , Fournier et al. 1998 ) and have been shown to be the best tool for inferring phylogenetic relationships among the SFG rickettsiae (Stenos et al. 1998) . These genes yielded trees with unclear node divergence among these clades. Therefore, concatenated sequences of these conserved and divergent genes were used. The topologies of the trees generated by four methods (RAxML, ML, NJ, and MP) showed concordance with respect to node divergence, but there were slight differences in the divergence order where the bootstrap values were low (Ͻ50%). The occurrence of uncertain divergence is in agreement with the tree results generated from different single genes in previous studies (Gaywee et al. 2007 , Matsumoto et al. 2007 ) that found low bootstrap values in trees at these nodes. Nevertheless, the topologies of the trees constructed using the four analysis techniques were similar, and all of the trees indicated that the Rickettsia sp. infecting the A. helvolum specimen taken from the V. salvator lizard forms a unique clade within the SFG rickettsiae and is closely evolutionarily related to R. raoultii. In addition, according to the Blast search results, this Rickettsia sp. is not 100% identical to R. raoultii but is closely related. Therefore, a novel Rickettsia sp. closely related to R. raoultii was discovered in an A. helvolum tick collected from a V. salvator in Thailand and A. helvolum could be involved in the transmission of this Rickettsia sp. Because an exotic animal trade specializing in the export of reptiles from various parts of the world, including Southern Europe, Africa, South America, Canada, Australia, and the Malaysian Peninsula, including Thailand to Poland and central Europe has developed (Nowak 2010) , the issue of potential movement of this Rickettsia sp. should be concerned. R. raoultii has been reported in Europe and Russia (Me- 
